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Abstract
We calculate the rate at which a free tachyon (faster than light
particle) would emit gravitational radiation. It is very small.
∗E-mail: schwartz@physics.berkeley.edu
In a recent work [1] I have suggested considering that faster-than-light
particles (tachyons) might exist in the universe and could be a significant
element in cosmological models.
Travelling faster than c, the speed of light, they would then be expected
to emit gravitational radiation - analogous to the electromagnetic radiation
(Cherenkov radiation) observed when electrically charged particles travel at
high speeds through a medium in which light waves propagate at speeds less
than c.
We start this calculation with formulas given by Weinberg [2] for gravi-
tational radiation from a given source.
dE
dΩ
= 2G
∫
dω ω2[T λν∗(k, ω)Tλν(k, ω)− 1
2
|T λλ (k, ω)|2], (0.1)
for the total energy emitted per solid angle in the direction kˆ, with the Fourier
transformed energy momentum tensor,
Tµν(k, ω) ≡ 1
2pi
∫
d4x eik·x Tµν(x, t). (0.2)
For a free tachyon we have ,
Tµν(x) = m
∫
dτ ξ˙µ ξ˙ν δ
4(x− ξ(τ)) (0.3)
ξµ(τ) = (γτ, γv τ), γ = 1/
√
v2 − 1, ξ˙µξ˙µ = −1. (0.4)
This gives us the Fourier transform,
Tµν(k, ω) = m ξ˙µξ˙ν δ(γω(1− kˆ · v)). (0.5)
The argument of this delta-function is the Lorentz invariant quantity ξ˙µ k
µ.
It tells us that the radiation goes out along a cone, just as with familiar
Cherenkov radiation; and this can only happen for velocities v that are
greater than c = 1.
Now we put (0.5) into (0.1) and get,
dE
dΩ
= 2G
∫
dω ω2
m2
2
δ(γω(1− kˆ · v)) δ(0). (0.6)
We make sense out of this by noting that
δ(0) =
1
2pi
∫
dτei(0)τ =
∆τ
2pi
=
∆t
2piγ
. (0.7)
1
where ∆t is the time interval over which we observe this process of radiation.
Now we integrate over all angles and get the rate of energy emission,
∆E
∆t
= G
m2
γ2 v
∫
dω ω. (0.8)
We need to introduce some cut-off for the integral over ω; and this we
take from the basic quantum relation, E = h¯ω, where this E of the emitted
gravitational quantum cannot be more than the total energy E of the tachyon.
Thus we end with,
∆E
∆t
∼ G
2
m2
γ2 v
(E/h¯)2. (0.9)
Noting that E = mγ, and putting in the factors of c, we get our final result,
∆E
∆t
∼ G
2
m4c4
h¯2 v
. (0.10)
Putting in numbers we have:
∆E
∆t
∼ (mc
2
eV
)4 (
c
v
) 10−41 eV/sec. (0.11)
Suppose we guess that the neutrino is a tachyon, with mass somewhat less
than one electron Volt. Over the course of cosmic time, ∼ 1017sec, the
gravitational radiation it will have emitted will be incredibly small at around
10−24 eV.
I thank K. Bardakci for some helpful discussions on this topic.
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